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T h i s  pape r  w i l l  r e p o r t  a s e r i e s  of f r e e z i n g  s t u d i e s  on two common 

mol lusc  s p e c i e s  i n h a b i t i n g  t h e  t empera tu re  and s u b a r c t i c  c o a s t  l i n e .  

The mussel ,  h ? v t i l u s  e d u l i s ,  which spends  t h e  w i n t e r  p e r i o d i c a l l y  exposed 

t o  severe t e m p e r a t u r e s ,  shows an a b i l i t y  t o  s u r v i v e  f r e e z i n g  a t  a 

body t e m p e r a t u r e  of - l o t  f o r  extended p e r i o d s .  

Venus m e r c e n a r i a , i s  a mud o r  sand burrowing animal  p r o t e c t e d  from 

exposure  t o  a i r ,  and can  s u r v i v e  f r c c z i n g  onll! t o  -6%. We became 

i n t e r e s t e d  i n  t h e s e  s p e c i e s  as  a r e s u l t  of r e p o r t s  t h a t  K y t i l u s  

c o u l d  w i t h s t a n d  months of f r e e z i n g  t o  -2OOC. 

a t o r y  expe r imen t s  c a s t  s e r i o u s  doubt  on t h e s e  o b s c r v a t i o n s .  

work showed t h a t  b o t h  M y t i l u s  and Venus can  s u r v i v e  exposure t o  lower 

ambien t  t e m p e r a t u r e s  f o r  s h o r t  p e r i o d s ,  b u t  t h a t  t h i s  r e p r e s e n t s  

t h e  t ime r e q u i r e d  t o  remove s u f f i c i e n t  h e a t  from t h e s e  l a r g e  an ima l s  

t o  lower t h e  body t e m p e r a t u r e  below t h e  v a l u e  which t h e  t issue can  

t o l e r a t e .  

t h e  time r e q u i r e d  t o  lower i t s  body t e m p e r a t u r e  t o  ;lelow t h e  c r i t i c a l  

-1OOC a s  s e e n  i n  F i g u r e  1. 

i t s  m a n t l e  c a v i t y  w i t h  s e a  wa te r  and c l o s e s  i t s  s h e l l .  

c o n s i d e r a b l v  t o  i t s  h e a t  c a p a c i t y  and can be h e l d  a s  a major  f a c t o r  

i n  t h e  a b i l i t y  of t h e  rnussel t o  w i t h s t a n d  t h e  r a v a g e q o f  win ter .  

By t h e  time i t s  body t empera tu re  h a s  dropped s i g n i f i c a n t l y ,  t h e  t i d e  

h a s  r e t u r n e d  t o  p r o t e c t  it. 

The h a r d s h e l l  clam, 

Our own f i e l d  and l a b o r -  

Our 

That  i s ,  a M y t i l u s  7cm long  can s u r v i v e  -2OOC f o r  two hour s ,  

Before t h e  t i d e  goes o u t ,  i?Iyti lus f i l l s  

T h i s  adds 
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T h i s  may e x p l a i n  t h e  e v o l u t i o n a r y  development of t h e  r e s i s t a n c e ,  

b u t  r e s o l v e s  no problems on t h e  rqechanism. 

now t o  r e p o r t  two sets  of s t u d i e s  on i s o l a t e d  t i s s u e s :  

changes i n  f r o z e n  t i s s u e  seen with t h e  e l e c t r o n  microscope,  and s t u d i e s  

of  t h e  t ime-tcrnperature  r e l a t i o n s h i p s  of i n j u r y  from t i s s u e  f r e e z i n g ,  

w i t h  and vi i thout  c r y o p r o t e c t i v e  a g m t s .  

To t h i s  end I would l i k e  

Morphological  

We have made a p r e l i m i n a r y  s u r v e y  of  t h e  resu l t s  of f r e e z i n g  on 

f i n e  s i r u C t u r e  us.1~79 t h c  e l e c t r o n  n t c r o s c q p e .  Since have a n  OF- 

ganism which can  s u r v i v e  a r a t h e r  severe f r e e z i n g ,  it shou ld  be pos- 

s i b l e  t o  d i v i d e  any s t r u c t u r a l  changes i n  t i s s u e  i n t o  t h o s e  a t t e n d a n t  

upon f r e e z i n g  m l y ,  and t ; ,ose  which occur  i n  c o n j u n c t i o n  w i t h  t i s s u e  

d e a t h .  

f r o z e n  n o n l e t h a l l y  w i t h  t h a t  f r o z e n  l e t h a l l y .  

So f a r ,  we have comoared onl;. t h e  s t r u c t u r e  of ! . 'yti lus t i s s u e  

F i g u r e  2 shows t i s sue  f r o z e n  n o n - l e t h a l l y  t o  -10' C and thawed i n  

f i x a t i v e .  No a b n o r m a l i t i e s  a r e  e v i d e n t  i n  c i l i a ,  m i c r o v i l l i ,  c e l l  

menbranes,  j u n c t i o n a l  r e g i o n s  or mi tochondr i a  a s  compared t o  u n f r o z e n  

t i s s u e .  R e c a l l  t h a t  t h i s  t i s s u e  underwent an os r ro t i c  change a lmos t  a s  

g r e a t  a s  t h a t  i n  F i g u r e  3 which shows t h e  e f f e c t s  of sample,  t h e  n i t o -  

c h o n d r i a  a r e  b l o a t e d ,  c r i s t a e  a r e  d i s t o r t ? d ,  c e l l  membranes d e s t r o y e d  

and t h e  m i c r o v i l l i  a r e  d i s t e n d e d .  

I want n e x t  t o  r e p o r t  on s t u d i e s  o f  t h e  s u r v i v a l  of e x c i s e d  p i e c e s  

of g i l l  t i s s u e  fol lwwing exposure t o  v a r y i n g  s u h f r e e z i n g  t e m p e r a t u r e s .  

Small  s t r i p s  of  g i l l  t i s s u e  were p l a c e d  i n  a r t i f i c i a l  sea w a t e r  medium 

i n t o  7xl00mm t u b u l a r  f r e e z e - d r y i n g  ampules ,  and f r o z e n  i n  a n  a l c o h o l  
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ba th .  F r e e z i n g  was i n i t i a t e d  a t  a r e l a t i v e l y  h i g h  t e m p e r a t u r e ,  

u s u a l l y  above -30 C. 

cou ld  be achieved i n  seconds,  r a t h e r  t h a n  t h e  b e t t e r  p a r t  of a n  hour 

a s  r e q u i r e d  f o r  whole an ima l s .  Exoosure time of  a g iven  t e m p e r a t u r e  

cou ld  t h e r e f o r e  be ecua ted  f o r  a l l  p r a c t i a l  pu rposes  t o  t o t a l  exposure.  

,411 t i s s u e  was thaived by p l a c i n g  t h e  tube d l rnc t1 -y  i n t o  room t m p e r a t u r e  

w a t e r .  1. s e m i - q u a n t i t a t i v o  e s t i n a t e  of t h e  t i s s u e  v i t a l i t y  was made 

by d e t e r m i n i n g  t h e  p e r c e n t a g e  of c e l l s  b e a t i n g  p l u s  a f i g u r e  of  merit 

r e f l e c t i n g  t h e  s t x e d  and o u a l i t v  of t h e  b e a t .  

I n  t h e  s m a l l  v i a l s  u sed ,  t e a p e r a t u r c  e q u i l i b r i u m  

The r e su l t s  o f  t h e s e  s t u d i e s  a r e  summarized i n  F i g u r e  4. The o r -  

d i n a t e  is the time r e a u i r e d  fo r  c e l l  v i a b i l i c y  t o  d r o p  t o  4U% of i t s  

i n i t i a l  v a l u e .  Th? t i s s u e  survives i n d e f i n i t e l . 7  a t  t e m p e r a t u r e s  above 

i t s  c r i t i c a l  t e m p e r a t u r e ,  b u t  below t h i s ,  s u r v i v a l  f a l l s  o f f  p r e c i p -  

i t o u s l y  t o  some s m a l l  b u t  f i n i t n  v a l u e  a t  lower t m q c r a t u r e s .  The 

c r i t i c a l  t c m p e r s t u r e  f o r  t h e s e  e x c i s e d  t issues  seems s l i g h t l y  h i g h e r  

t h a n  t h a t  f o r  i n t a c t  an ima l s ,  perhaps because some comnonent o f  t h e  

r e p a i r  mechanism i s  a b s e n t .  

I n  o u r  s t u d i e s  on whole animal s u r v i v a l  we had made c a l o r i m e t r i c  

d e t e r m i n a t i o n s  of t h e  amount of  w a t e r  f r o z e n  o u t  a t  v a r i o u s  t e m p e r a t u r e s .  

The r e s u l t s  may b e  s e e n  i n  F i g u r e  5. 

s p e c i e s ,  an e q u a l  amount of d e h y d r a t i o n  h a s  o c c u r r e d  a t  t h e  c r i t i c a l  

tornperature .  

s e n t a t i o n .  

Note f i r s t  t h a t  i n  b o t h  of t h e s e  

T h i s  a s p e c t  i s  f u l l y  d i s c u s s e d  i n  Dr, 2eryman's pre- 
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(Sapporo  p r e s e n t a t i o n :  e n c l o s e d )  

t h a t  much less  w a t e r  f r e + z e s  a t  a g i v e n  t e m p e r a t u r e  i n  " " y t i l u s ,  

d e s p i t e  t h e  f a c t  t h a t  t h e r e  i s  mor.. w a t e r  p r e s e n t  (8@,  compared t o  

8%.) 

l a r g e  amounts o f  wa te r :  i .e.,  a n a t u r a l  c r y o p r o t e c t i v e  agen t .  

R u t  of  importance h e r e  i s  t h e  f a c t  

T h i s  i m p l i e s  t h e  p re sence  of a s m a l l  molecule  c a p a b l e  of  b i n d i n g  

Two approachcs toward t h e  i d e n t i f y i n g  of t h i s  agen t  were used:  

ch romatograph ic  s o p a r a t i o n  of t i s s u e  e x t r a c t s ,  and a se r ies  of s u r v i v a l  

t e s t s  on tissue f ~ l l ~ ~ i i i g  a d i n i n i s t r a t i o n  of  knswn c r v z n r o t e c t i v e  . .  a g e n t s .  

The chromatographv h a s  s o  f a r  -roved s i n g u l a r l - i  unproduc t ive .  ?'le 

had assumed t h a t  t h e  c r y o p r o t e c t i v e  a g e n t  would be a p o l y h v d r i c  a l c o h o l ,  

t o  which t h p  c e l l  membranes were f r e e l y  permeable.  

cndure  d e s c r i b e d  by S a l t  f o r  t h e  d e t m t i o n  o f  g l y c e r o l  i n  insects .  

T h i s  p rocedure ,  i n c i d e n t a l l y  gave an i n t e n s e  r e a c t i o n  w i t h  DMSO. 

Ye used t h e  pro- 

Pub l i shed  work on Fiiytilus r e n o r t s  n o g a t i v e  f i n d i n g s  f o r  t es t s  

of b o t h  DVSO and Glvce ro l .  Ye found some g l y c e r o l  i n  t h i s  s p e c i e s ,  

pclrhaps h a l f  a o e r c e n t ,  and h a r d l y  enough t o  c o n s i d e r  s i g n i f i c a n t .  

The p rocedure  a l s o  r e v e a l e d  a ch lo ro fo rm-so lub le  conponent ,  a 

c o n c e n t r a t i o n  of t h e  i n t r a c 3 l l u l a r  compound t a u r i n e ,  and a n o t h e r  

component, p robab ly  rnucopolysaceharide.  I n  Venus, i n  which a cryo- 

p r o t e c t i v e  a g e n t  was n o t  e x n e c t d ,  t h e  same com-ounds werc r e v e a l e d ,  

p l u s  t r a c e s  of two compounds not  y e t  i d e n t i f i e d .  

Of t h e  c r y o p r o t c c t i v e  agen t s  addzd a r t i f i c ' a l l y  t o  t h p  specimens,  
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o n l y  DMSO has  shown promise.  

a t  -30 C ,  i n  c o n c e n t r a t i o n s  a s  low a s  5%. I n o s i t o l  proved n o r e  

i n j u r i o u s  t h a n  no a d d i t i v ?  a t  5% c o n c e n t r a t i o n .  G l y c e r o l  produced 

damaqe t o  t i s s u e s  i n  c o n c e n t r a t i o n s  g r e a t e r  t h a n  lC<. None the le s s ,  it 

provided some p r o t e c t i o n ,  a l lowing  t i s sue  of bo th  s p e c i e s  t o  s u r v i v e  

t o 4 5 0  c. 

I t  can p r o t e c t  Venus g i l l  up t o  24 h o u r s  

0 
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